Purpose The aim of this systematic review and meta-analysis was to provide a national estimate of breast and complementary feeding practices and its predictors in Ethiopia. Methods PubMed, SCOPUS, EMBASE, CINHAL, Web of Science and WHO Global Health Library electronic databases were searched for all available literature published until April 2018. Observational studies including cross-sectional, casecontrol and cohort studies were included. Newcastle-Ottawa Scale was used to assess the quality of studies. Heterogeneity of studies was quantified using Cochran's Q χ 2 statistic and Higgins's method (I 2 ). A meta-analysis using a weighted inverse variance method was performed. Subgroup analysis was carried out based on region and study area. Results In total, 70 studies that involved > 55,000 women from nine regions and two chartered cities in Ethiopia were included. The pooled national prevalence for timely initiation of breastfeeding (TIBF), exclusive breastfeeding (EBF) and timely initiation of complementary feeding was 66.5%, 60.1% and 62.5%, respectively. Guidance and counselling on breastfeeding, vaginal delivery and health institution delivery significantly increased the odds of TIBF and EBF. In addition, TIBF significantly associated with high EBF practice. Maternal occupational status significantly associated with low EBF practice, but not TIBF. Conclusions Based on the WHO standard, the current breast and complementary feeding practice in Ethiopia is good and improving. Integrated intervention is still required for further improvement and minimizing the effect of occupational status.
Introduction
The World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) Innocenti Declaration urges developing a national breastfeeding strategy and establishing monitoring and control system [1] . In 2017, the global coverage of timely initiation of breastfeeding (TIBF), exclusive breastfeeding (EBF) and timely initiation of complementary feeding (TICF) was 44%, 40% and 64.5%, respectively [2, 3] . A meta-analysis of demographic and health surveys from 29 sub-Saharan African countries shows that the prevalence of TIBF ranges from 37.8 to 69.3%, EBF 23.7 to 56.6%, predominant breastfeeding 17.6 to 46.4% and bottle feeding 8.17 to 30.1% [4] . Based on the WHO survey of the 129 nations, only 22 nations have achieved 70% TIBF and 23 countries have achieved at least 60% of EBF [2] . Generally, optimal breast and complementary feeding are high in low-and middle-income countries [2, 3] .
TIBF within 1 h after birth and EBF until 6 months followed by appropriate complementary foods have various advantages for maternal, child and societal health [5] . Optimal breast and complementary feeding are also crucial for the achievement of three sustainable development goals (SDG): improves nutrition (SDG-2), decreases child mortality and the risk of non-communicable diseases (SDG-3), and improves cognitive development and education (SDG-4) [2] . Despite these advantages, many women stop breastfeeding and switch to infant formula feeding too early. Suboptimal feeding increases the risk of morbidity and mortality up to fivefold [6] . Approximately 25-50% of infant mortality in developing countries occurs due to suboptimal feeding practice [7, 8] .
Globally, previous studies identified multiple predictors of suboptimal feeding including guidance and counselling, smoking, residence, place of delivery, maternal educational level, maternal occupational status, income, mother's age, mode of delivery, newborn's gender, health status of mother and newborn at delivery [9] [10] [11] . The same factors have been reported to contribute to sub-optimal breastfeeding in Sub-Saharan Africa [12] .
Ethiopia is Africa's second most populated country located in the Horn of Africa. According to the 2015 projection, the total population was 90,078,000 [13] . Ethiopia is administratively divided into nine regional states (Afar, Amhara, Benishangul-Gumuz, Gambela, Harari, Oromia, Somali, Tigray and SNNPR) and two chartered cities (Addis Ababa and Dire Dawa). Figure 1 shows regions and chartered cities of Ethiopia.
In Ethiopia, several studies have been conducted on breast and complementary feeding, and they identified multiple predictors. However, none of these studies provided a national estimate and the findings are inconsistent. Since 2000, the Ethiopian Demographic and Health Survey has been conducted every 5 years and provided a national estimate on breast and complementary feeding; however, it does not provide evidence on the associated factors. So far, one meta-analysis [14] was done in Ethiopia that aimed to study the prevalence of TIBF and its association with the place of residence and delivery. The present study has the following aims: (1) to provide a national pooled estimate on the prevalence of TIBF, EBF and TICF separately, (2) to conduct a comprehensive systematic review on various associated factors of TIBF, EBF and complementary feeding, (3) developing/proposing a multilevel theoretical model in the context of Ethiopian population, (4) to conduct meta-analysis on the association between TIBF and maternal occupational status, guidance and counselling on breastfeeding, place of delivery and mode of delivery, and (5) to conduct meta-analysis on the association between EBF and maternal occupational status, guidance and counselling on breastfeeding, place of delivery, mode of delivery and TIBF. We hypothesized (1) guidance and counselling on breastfeeding, health institution delivery and vaginal delivery increase TIBF and EBF, (2) TIBF increases EBF, and (3) being government employed reduces TIBF and EBF.
Methods

Protocol registration and publication
The protocol has been registered in the International Prospective Register of Systematic Reviews (PROSPERO) Fig. 1 Geographic map of Ethiopia that shows regions and chartered cities
Study screening and selection
First, all studies retrieved from all databases were exported to RefWorks version 2.0 web-based citation manager and, close and exact duplicates were deleted. Second, all independent studies were exported to Microsoft Excel spreadsheet. Third, two independent reviewers (TD and BS) screened the title and abstract of each study followed by agreement test using Cohen's kappa coefficient. The kappa coefficient was 0.76 with an asymptotic standard error of 0.05 indicating the agreement between the two reviewers was 'good'. Finally, full-text review was performed and the following data were extracted: first name of author, year of publication, region, study area, study design, study population, number of respondents, data collection method, prevalence, and significantly associated factors.
Quality and validity of risk assessment
Newcastle-Ottawa Scale (NOS) [17] was used to assess the quality of studies. The following items were included to evaluate studies: (1) selection, (2) comparability, and (3) the ascertainment of the outcome. NOS has a good inter-rater reliability and validity [18] . We ensured that the study population of all included studies was randomly chosen from the sampling frame and all NOS criteria were satisfactorily fulfilled.
Statistical analysis
A meta-analysis using a weighted inverse variance method was performed to calculate the pooled national prevalence rate of breast and complementary feeding and the odds ratio of associated factors. To adjust the effect of high-or low-prevalence studies on the pooled estimate, the arcsine transformation was used [19] . Publication bias was checked through visual inspection of Funnel plot asymmetry and Egger's regression test [20] . Heterogeneity of studies was quantified using the significance level of Cochran's Q χ 2 statistic and Higgins's method where I 2 statistic > 80% (reference value) indicating substantial heterogeneity [15] . Given the limitations of these methods and lack of consensus on the exact cut-off value to confirm heterogeneity in different studies [21, 22] , homogeneity of studies rigorously checked in terms of study setting, study population, study design, data collection method, sampling technique and statistical analysis [23] . A separate forest plot was constructed for each meta-analyzed variable. The data were entered using SPSS version 23 and meta-analyzed using 'meta' and 'metafor' packages in R software version 3.4.2. Subgroup analysis was carried out based on region (Amhara region versus other regions) and study area (rural, urban, rural and urban).
Data synthesis and reporting
First, a meta-analysis of prevalence was done for TIBF, EBF and TICF separately. Second, all previously reported significantly associated factors were collected and categorized into four levels using the multilevel theoretical model adapted from previous systematic reviews [24, 25] . Finally, a metaanalysis was done for selected (level 1 and level 2) associated factors; to increase the power, all studies that reported significant and non-significant association were included in the meta-analysis. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 2009 statement [26, 27] and A MeaSurement Tool to Assess Systematic Reviews (AMSTAR 2) [28] were used to report this systematic review and meta-analysis.
Results
Search results
We obtained 169 articles from PubMed search, 24 articles from EMBASE, 200 articles from Web of Science, 85 articles from SCOPUS and 5 articles from others (CINHAL and WHO Global Health Library). Forty-nine additional articles were found through a manual search of cross-references. After removing duplicates and screening of titles and articles, 83 studies were selected for full-text review. Eleven primary studies on late initiation of breastfeeding, duration/cessation of exclusive breastfeeding, early initiation of complementary feeding, prelacteal feeding and breastfeeding measurements tools [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] and two project reviews [40, 41] were excluded from the final analysis. These articles were published between the years 2007 and 2016. Seven studies were conducted in Amhara region [32] [33] [34] [35] [36] [37] [38] , two studies in Southern Nations, Nationalities and Peoples' Region (SNNPR) [30, 31] , one study in Oromia region [29] , and one study in Amhara, Oromia, SNNPR and Tigray regions [38] . Two studies have used EDHS-based data [32, 34] , eight studies were conducted in urban and rural setting, ten studies were interviewer administered and one was a prospective study [34] . Detailed explanations of excluded studies are presented in Supplementary file 2. Finally, 70 articles published between years 2009 and 2018 were included and used for meta-analysis. The PRISMA flow diagram of literature screening and selection process is shown in Fig. 2 .
Timely initiation of breastfeeding (TIBF)
Among the 70 included studies, 45 studies reported the prevalence of TIBF with a total of 47,858 individuals. Seventeen studies were conducted in Amhara region, nine in SNNPR, seven studies in Oromia, and nine studies in other regions, such as Tigray, Addis Ababa, Harari and Afar. Two studies [42, 43] were nationally conducted and one study [44] was conducted in SNNPR, Oromia and Amhara regions. Regarding setting, 11 studies were conducted in a rural, 17 in urban and 17 in both urban and rural. Furthermore, the detailed characteristics of included studies are presented in Table 1 .
The highest prevalence (93.3%, 95% CI 88.4-96.6%) was reported in Oromia region [61] and the lowest (39.6%, 95% CI 34.7-44.7%) was reported in SNNPR [69] . The national 
EDHS
Ethiopian Demographic Health Survey, SNNPR Southern Nations, Nationalities, and Peoples' Region prevalence of TIBF was 66.5% (95% CI 62.1-70.8%) ( Fig. 3) .
The subgroup analysis based on study area showed that the pooled prevalence was 62.3% (95% CI 52.9-71.3%) in rural, 74.5% (95% CI 67.6-80.9%) urban and 60.7% (95% CI 55.2-66.1%) both rural and urban. The subgroup analysis based on region depicted that the prevalence was 68.2% (95% CI 59.9-76.0%) in Amhara region and 65.4% (95% CI 60.2-70.5%) in other regions. Subgroup analysis based on region was repeated after excluding two national studies [42, 43] and one study [44] conducted in SNNPR, Oromia and Amhara region; the prevalence remained high in Amhara region.
Nineteen studies reported 18 factors that significantly associated with TIBF. Based on a model built by previous meta-analysis [24, 25] , these factors were categorized into four levels. The most commonly reported predictors were mothers' knowledge of TIBF, guidance and counselling on breastfeeding, place of delivery, mode of delivery and place of residence (Table 2) .
To estimate the pooled effect, a meta-analysis was carried out on the association between TIBF and occupational 
Exclusive breastfeeding (EBF)
Out of 70 included studies, 44 studies reported the prevalence of EBF with a total of 25,816 participants. Seventeen studies were conducted in Amhara region, twelve in SNNPR, five studies in Oromia and eight studies in other regions, such as Tigray, Addis Ababa, Harari and Afar. Two studies were nationally conducted [43, 74] . Based on setting, 10 studies were conducted in a rural, 17 in urban and 17 in both rural and urban. Detailed characteristics of included studies are presented in Table 3 . The highest prevalence (87.8%, 95% CI 79.2-93.7%) was reported in Oromia region [64] and lowest (29.3%, 95% CI 25.8-33.0%) prevalence in Addis Ababa [68] . The national prevalence of EBF was 60.1% (95% CI 55.5-64.6%) ( Fig. 5) .
The subgroup analysis based on study area showed that the prevalence was 68.8% (95% CI 60.8 to 76.3%) in rural, 54.9% (95% CI 47.5-62.3%) in urban and 60.0% (95% CI 52.3-67.3%) in both rural and urban area. Subgroup analysis based on region depicted that the prevalence was 58.6% (95% CI 51.3-65.8%) in Amhara region and 61% (95% CI 54.8-67.0) in other regions. Subgroup analysis based on region was repeated after excluding two national studies [43, 74] ; the prevalence remained low in Amhara region.
Thirty-two studies reported 26 factors that significantly associated with EBF. Similar to TIBF, these factors were categorized into four levels. The most commonly reported predictors were maternal occupational status, mothers' knowledge on exclusive breastfeeding, guidance and counselling on breastfeeding, timely initiation of breastfeeding, antenatal care follow-up, household income and age of newborn (Table 4) .
Meta-analysis was carried out on the association between EBF and mode of delivery (vaginal versus Cesarean section), occupational status (government employed versus unemployed), guidance and counselling on breastfeeding ('yes' versus 'no'), place of delivery (health institution versus home) and TIBF (within 1 h versus after 1 h) to estimate the pooled effect on EBF. The pooled odds ratio (OR) of EBF for women who delivered vaginally was 1.81 (95% CI 1.19-2.77, p = 0.006, Fig. 6 ) [57, 65, 68, 75-77, 80, 84, 88, 92] , government employed 0.60 (95% CI 0.40-0.91, p = 0.02, Supplementary Fig. 4) [56, 57, 65, 73-75, 80, 82-84, 88, 92, 97] , counselled 2.29 (95% CI 1.56-3.34, p < 0.001, Supplementary Fig. 5 ) [59, 65, 68, 75, 76, 80, 82-84, 86, 96] , delivered at health institution 2.33 (95% CI 1.82-2.98, p < 0.001, Supplementary Fig. 6 ) [59, 65, 68, 73, 75, 76, 80, 83-89, 91, 92, 94-96] and initiated breastfeeding within 1 h 2.02 (95% CI 1.46-2.79, p < 0.001, Supplementary Fig. 7 ) [57, 75, 78, 79, 81, [85] [86] [87] [94] [95] [96] .
Complementary feeding
From 70 selected studies, 21 studies reported the prevalence of timely initiation of complementary feeding (TICF) with 8644 individuals. Six studies were conducted in Amhara region, five in SNNPR, three studies in Oromia, three studies in Tigray and three studies in Harari and Benishangul-Gumuz. One study [43] was nationally conducted. Based on place of residence, five studies were conducted in a rural, eight in urban and eight in both rural and urban. Detailed characteristics of included studies presented in Table 5 .
The highest prevalence (86.2%, 95% CI 82.5-89.5%) was reported in Amhara region [63] and lowest (34.3%, 95% CI 30.3-38.4) in SNNPR [69] . The national prevalence of TICF was 62.5% (95% CI 56.6-68.2%) (Fig. 7) .
The subgroup analysis based on study area showed that the prevalence was 54.8% (95% CI 36.5-72.5%) in rural, 64.9% (95% CI 57.6-71.9%) urban and 63.8% (95% CI 54.3-72.8%) both rural and urban. Subgroup analysis based on region depicted that the prevalence was 67.8% (95% CI 57.2-77.6%) in Amhara region and 60.2% (95% CI 53.0-67.1%) in other regions. Subgroup analysis based on region was repeated after excluding one national study [43] ; the prevalence remained high in Amhara region.
Fourteen studies reported 17 significantly associated factors of complementary feeding categorized into four levels using the aforementioned method ( Table 6 ). Table 7 shows the summary of number of people and studies in each region/city and prevalence estimates (i.e., national, regional and areal) of each infant and young child feeding indicator. Nearly half of the studies on each infant and young child feeding indicator was conducted in Amhara region. The prevalence of TIBF, EBF and TICF was 66.5%, 60.1% and 62.5%, respectively.
Summary of prevalence estimates
Quality check, heterogeneity and publication bias
All the included studies meet a reasonably acceptable quality level. Notably, high I 2 value and a significant Cochran's Q χ 2 statistical test were observed in the meta-analysis of prevalence estimate and odds ratio, respectively. First, included studies were rigorously checked for their study design, data collection technique, outcome definition, statistical analysis, [23] . Second, the prevalence was transformed using the arcsine square root to adjust the influence of studies that reported high or low prevalence estimate. Third, stratification analysis was done based on quartile of the total sample size of included studies, study area and region. However, there was no major change in the I 2 value. Given the absence of a single I 2 cut-off value for deciding on heterogeneity in different studies [21, 22] and lack of changes after the abovementioned measures, a meta-analysis was done based on the reviewer's judgment. Finally, the interpretation was done based on the random-effects model.
Regarding meta-analysis of the odds ratio, based on I 2 value, homogeneity of studies was reasonably good. Given the limitation of Cochran's Q χ 2 statistical test when the number of studies is small [110] and lack of substantial heterogeneity based on reviewers' qualitative evaluation, a meta-analysis was done as well. Following a visual inspection of a funnel plot and Egger's statistical test for asymmetry, significant publication bias was not observed among the included studies. 
Time-trend analysis
The prevalence of TIBF from 2011 to 2018 was steady. The prevalence of both EBF and complementary feeding has been increasing substantially since 2009 (Fig. 8 ).
Discussion
This is the most comprehensive systematic review and metaanalysis to date and the first of its kind involving > 55,000 participants from Ethiopia. The national prevalence of timely initiation of breastfeeding (TIBF), exclusive breastfeeding (EBF) and timely initiation of complementary feeding (TICF) was 66.5%, 60.1% and 62.5%, respectively. Guidance and counselling on breastfeeding, mode of delivery and place of delivery significantly associated with high odds of TIBF and EBF. TIBF significantly associated with low odds of EBF. Maternal occupational status (being employed) significantly associated with low odds of EBF, but not TIBF.
According to the World Health Organization (WHO) standard [111] , the nationwide practice of TIBF and EBF in Ethiopia is 'good' (i.e., 50-89%) whereas TICF is 'fair' (i.e., 60-79%). This is novel given only 22 out of 129 nations achieved 70% in TIBF and 23 out of 129 nations achieved 60% in EBF [2] . The prevalence rate of TIBF in Ethiopia is equivalent with the recent estimate in Zambia, Sudan, Iran, United Kingdom, Uzbekistan, Lesotho, Madagascar and Ukraine [112, 113] . The prevalence of EBF is equivalent with Uganda, Zambia, Bolivia, Peru and Cambodia [113] . On the other hand, the current finding is two to three times higher compared to the recent estimate of 53 WHO European Region member countries where the rate of TIBF and EBF was 43% and 23%, respectively [114] . This finding was also higher than the prevalence of TIBF (34.3%) and EBF (20.5%) in Middle East countries [115] . The prevalence of TICF in Ethiopia was the same as the recent global estimate [3] , but, on the other hand, it was lower than the prevalence rate in five European Union countries (Germany, Belgium, Poland, Italy and Spain) [116] and two South Asian countries (Bangladesh and Nepal) [117] where 87% and approximately 71% of infants received complementary feeding by 6-8 months.
In this study, health institution delivery, counselling on breastfeeding and vaginal delivery significantly increased the odds of TIBF and EBF. This is in agreement with an international study from 57 nations [118] , WHO survey [119] , systematic review and meta-analysis [120] and a prospective cohort study in North America [121] . Additionally, maternal employment status and TIBF significantly associated with EBF as concluded by previous studies in Africa, Middle East and Europe [122] [123] [124] . On the other hand, recent studies in Ireland and UK [112] , and Canada [125] reveal that home delivery significantly increased the odds of TIBF and EBF. Another study in Central America showed that mode of delivery does not affect TIBF and EBF [126] . This inconsistency may be due to the difference in socio-economic status and health care services. In our study, maternal employment status did not significantly reduce TIBF. This non-significant result may be due to the small number of studies included in the meta-analysis.
All previously identified predictors of breast and complementary feeding were carefully reviewed and a hierarchical theoretical model was developed. The model would be helpful for future researchers to develop a priori hypothesis. We noticed all the included studies have no prior hypothesis about a specific variable and researchers just included all studied variables into a model and checked the association with the outcome. This may create overestimation of the model and may bias the interpretation of results. In addition, primary health care workers may have faced difficulty on the prioritization of factors for intervention as evidenced by the low coverage of breast and complementary feeding although the government implements several programs, such as Baby-friendly Hospital Initiative programme (BF-HIP) and health extension package. Thus, the proposed model can also be used as a framework for prioritization of community problems. Moreover, Ethiopia is not included in the current WHO evaluation surveys [2, 119] which may be due to the unavailability of updated data; therefore, this finding may be useful for next WHO international surveys. This study has limitations. First, almost all included studies are cross-sectional which may influence the strength of evidence; however, this can be compensated by a large sample of selected studies which could increases the power of our analyses. Second, high heterogeneity was detected based on the conventional method; therefore, readers should interpret the result cautiously. Third, the risk of reporting bias may be added due to exclusion of studies with preterm newborn or known maternal diseases. Fourth, even though studies were conducted in all regions and cities, some regions/cities may be over-or under-represented. Finally, the pooled effect size was not adjusted for the size of the sampling frame.
Conclusions and future directions
TIBF, EBF and TICF practices were promising and improving compared to the previous years as revealed in the timetrend analysis. Occupational status (being government employed) was a barrier to optimal breastfeeding although not significant for TIBF. Counselling on breastfeeding, health institution delivery and vaginal delivery were facilitators of TIBF and EBF. Moreover, TIBF was a facilitator for EBF. Based on the time-trend analysis, the coverage has been increasing from year-to-year.
To further increase the coverage and minimize barriers of optimal IYCF, the government should implement the global breastfeeding collective calls [2] including increasing fund, endorse workplace breastfeeding policies and fulfill necessary facilities, improve access to skilled breastfeeding counselling and encourage community networks. Further meta-analysis based on (inter)national studies on other IYCF indicators and associated factors other than currently studied is required to conclude whether they are facilitators or inhibitors of optimal breast and complementary feeding. Moreover, case-control, cohort, and randomized control trial studies on breast and complementary feeding in Ethiopia would be relevant which can provide a strong evidence. So far unlike institutional-, demographicand health-related factors, behavioral factors are not studied very well yet. Therefore, further studies shall give due emphasis to those factors.
Data sharing statement
All the data used in this systematic review and meta-analysis were included in the main documents and as a supplementary file. 
